Food webs in temperate woodland stream and pond communities are supported to a large, and perhaps overwhelming, extent by organic matter imported from the forest canopy in the form of autumn-shed leaves (e.g., Fisher and Likens 1973). The temporal stability of these food webs is most likely the result of the broad refractory range of much of this organic matter (Wetzel 1995) . Labile materials are quickly metabolized, skewing the organic pool to increasingly recalcitrant materials. These materials are only very slowly metabolized, yet because of the large pool, may be as important in supporting food webs as the more labile materials.
Ecologists use mass loss as an analog measure of metabolic processing of autumn-shed leaves, although it should be acknowledged that much of the mass loss can be a result of nonmetabolic processes such as leaching and abrasion (Ostrofsky 1993 There are at least 3 possible reasons for the failure to demonstrate a convincing relationship between tannins and leaf-processing rates. The 1st is that rates are not dependent on tannin concentrations. The 2nd is that by using the pro-cessing rates of Webster and Benfield (1986), a great deal of noise is introduced into the analysis. Their compilation included studies using a variety of methods, temperatures, water chemistries, habitats, etc., so the variability of processing rates even within a single species is high. For example, Webster and Benfield (1986) presented 33 different processing rates for Acer rubrum taken from 10 different published sources representing experiments conducted in lake, swamp, and stream habitats. As a consequence of variations in experimental conditions and sites, these rates ranged from 0.0007 to 0.0354/d. Third, it is possible that the effects of tannins are masked by other leaf characteristics such as fiber content or foliar nutrient concentrations. As Campbell and Fuchshuber (1995) warned, "the influence of tannin level on processing may only be apparent when the "noise" caused by variation in other aspects of leaf chemistry ... is reduced".
Here I present further analysis of the potential relationship between leaf characteristics and leaf processing rates. I have attempted to reduce the variation in the data set by calculating processing rates on a collection of 48 species using uniform methods and conditions. I have analyzed a suite of leaf chemical characteristics and combined these data with the previously reported data on tannins (Ostrofsky 1993).
Methods
Collection, drying, and preliminary treatment of leaves is described by Ostrofsky (1993) , and the results of the analyses for condensed tannins, total phenolics, and protein-precipitating capacity from that report are used in the analyses reported here. Additional analyses performed on the same sample material (collected in 1991) include P and N content, C:N ratio, and lignin. Additional leaf material was collected in 1994 to determine processing rates and leaf toughness. This new material was collected in the same manner, and from the same individual trees as the material collected for the 1991 chemical analyses.
Processing rates
A known mass (-2 g) of leaves of each species, air-dried in the laboratory, was placed in 15x15-cm mesh bags made of fiberglass window screening (mesh size -1.5 mm). One bag of each of the 48 leaf species was fastened to a line, and the entire line was anchored to the bottom of a permanent woodland pond at Allegheny College's Bousson Environmental Research Reserve. A single line of bags was retrieved at 1, 2, 3, 4, 6, 9, 13, 18, and 24 wk. Leaf material was gently washed while still in the bags to remove silt, epiphytes, and invertebrates, and was then hung in the laboratory to air-dry for at least 1 wk. Remaining leaf material was weighed, and the % initial mass remaining was calculated. The natural log of % mass remaining was regressed against time, and the slope of the regression was taken to be the processing rate, k (units/d). It was assumed that leaf processing followed the general form ln(Wtt/Wt0) = intercept -kt, where Wtt and Wt0 were final and initial leaf masses, respectively, and t was time 
Results
The results of all analyses are shown in Table  1 . Calculated ks ranged from 0.0006 to 0.0054/d (mean = 0.0022/d). All of the regressions of ln(W,/W0) vs time were significant, indicating a constant rate of mass loss with time. None of the regressions, however, had a 0 intercept (fitted intercept significantly <100%), indicating that the rate of mass loss was significantly greater during the 1st week than in subsequent weeks (Fig. 1) . This result is consistent with a brief period of rapid mass loss-probably leaching-that is independent of microbial activity. The consistent linearity of the data beyond the 1st week, and the paucity of data points prior to the 1st week, preclude the fitting of double exponential decay equations to the mass-loss data (Riggs 1963 ). However, if it can be assumed that mass loss during the 1st week is largely abiotic leaching, and mass loss thereafter is largely biotic processing, then the mass lost to abiotic leaching may be estimated as the difference between the Wt0 and Wt. Results here range from a low of 6% in Quercus palustris, Q. rubra, and Carya laciniosa, to 39% in Cornus stolonifera. Further, the mass lost in the 1st week was significantly correlated with processing rate (r = 0.343, n = 48, p < 0.02), suggesting that those leaves with the most rapidly soluble components are also those that are processed fastest following the loss of those components.
The P content of the leaf material examined ranged from 0.065% in Betula populifolia to 0.615% in Gleditsia triacanthos, and the N content ranged from 0.38% in Liquidambar styraciflua to 2.89% in Robina pseudoacacia (Table 1) This result supports the hypothesis that processing rates are positively affected by leaf nutritional quality (%N) and negatively affected by both refractoriness (%lignin) and deterrence (total phenolics).
Discussion
The results presented above indicate that total phenolics, protein-precipitating capacity, %P, %lignin, and toughness are not related individually to processing rates. The best individual predictors of leaf processing rates are %N, C:N ratio, condensed tannins, and %lignin:%N ratio, although these variables have low predictive power. Processing rates are best explained by a combination of factors related to nutritional quality, refractoriness, and residual deterrents, as indicated by a multiple regression using %N, %lignin, and total phenolics as independent variables. However, even this combination of factors is only capable of explaining -50% of the variation in processing rates, and there remains a group of unmeasured factors that is equally important.
The processing rates reported here are within the ranges reported in other studies (e.g., Peterson and Cummins 1974, Webster and Benfield 1986). However, a matched-pairs t-test between the rates calculated here and the mean of the rates compiled by Webster and Benfield (1986) for 26 species in common indicates that the means obtained by Webster and Benfield (1986) are significantly higher. It should be kept in mind, however, that the results reported by Webster and Benfield (1986) include data from studies using leaf packs and coarse-mesh leaf bags; both methods allow for a more rapid loss of small leaf bits, resulting in high apparent processing rates. This result underscores the caution necessary in attempting to compare processing rates derived using different methods.
Leaf Forest, leaf mass remaining on the forest floor after 12 mo was highly correlated with %lignin, but not with %N, although %lignin:%N was a better predictor than %lignin alone. These results were supported by another data set from North Carolina ( 
